heat capacities of annealed and quenched samples of Cuo.osZno.soFes.os04 have been determined over the range 5350°K.
INTRODUCTION
THE low-temperature heat capacity and thermodynamic properties of zinc ferrite and of a solid solution of composition 90 mole per cent zinc ferrite (ZnFesOd) and 10 mole per cent lithium ferrite (Lia.sFes.sO4) have been studied and reported previously. (i) The data were taken on samples which, after forming spinels from the constituent oxides, had been annealed and on similar samples which had been quenched from 1100°C in distilled water. It was found(s) that the annealed samples had X-type anomalies in the vicinity of 9°K. This effect has been associated with an antiferromagnetic-type ordering in zinc ferrite.(a) The heat-capacity curve for the quenched samples showed inflections at about 9"K, but a local maximum did not exist. These effects were explained on the basis of sublattice populations and freezing in the 1400°K population equilibrium by the water quench. Similar experimental data have now been obtained on other samples of quenched and annealed ferrite. The samples were solid solutions of composition 90 mole per cent zinc ferrite and 10 mole per cent copper ferrite (Cus.sFea.sO4).
The copper ferrite was prepared in such a way that, according to STIERSTADT,(~) it should be in the univalent state.
EXPERIMENTAL
The samples were prepared as described previously(2), except that a Szegvari mixer was used in place of the ball mill. The results of chemical analyses on the samples for iron and copper are shown in Table 1 . Tables 3 and 4. lithium. Table 5 shows the idealized sublattice populations in terms of the ferric ions and the
DISCUSSION
closed-shell ions. The results at temperatures above 20°K are The slight difference in absolute value of heat depicted graphically in Fig. 1, as the heat capacities of the measured ferrites from those of annealed zinc ferrite. Only the smooth curve for the lithium-zinc ferrites and for the quenched zinc ferrite are shown; the curves for the copper-zinc ferrites are shown with the data points representing the actual determinations.
The most striking characteristic of the curves is that, for the quenched samples, the copper-zinc ferrite resembles closely in properties the zinc ferrite itself, while the annealed copper-zinc ferrite more nearly resembles the lithium-zinc ferrite.
containing ferrites is not explicable on the basis of the idealized sublattice populations. It might be due, however, to differences in the lattice heat capacity, to imperfect ordering of the coppercontaining ferrite, to the presence of divalent copper or to different values of exchange coefficients.
Within experimental error, and certainly within O*l"K, the temperature of the anomalous peak is the same in both annealed lithium-containing and in annealed copper-containing ferrites (cf. Fig. 2 ). However, the transition temperature is lower in the lithium-cont~ning ferrite than in a nickelcontaining zinc ferrite.(a) One of the differences noted was that annealed lithium ferrite without zinc forms an ordered array of lithium ions on the B sublattice.
Such is not the case for copper ferrite, yet the transition temperature is the same in copper-as in lithium-containing zinc ferrite. Therefore, it is concluded that the decrease in transition temperature is not due to intrasublattice ionic ordering.
The presence of divalent copper would require a change in oxidation state in some other ferrite constituent for a fixed oxygen content. The most probable ion to change oxidation state is, of course, ferric iron. Both divalent copper and divalent iron ions possess permanent magnetic moments, as does divalent nickel. The fact that the annealed coppercontaining sample has a transition similar to the lithium-containing sample in both anomaly shape and temperature and not to the nickel-containing where Me represents a univalent nonmagnetic ion such as those of Li or Cu. The ferrite is assumed to consist of two B sublattices, Bf and B-, and a single A sublattice. For annealed samples the Me ions are assumed to be randomly distributed on the 3 sublattice. The governing equations in the nonordered state are (by an extension of the treatment of TACHIKI and YUSIDA(~)) : tions (1) exists when H = 0 is that the determinant of the coefficients of the IM's be zero. The resulting cubic equation contains the root, which is independent of the magnitudes of ,3 and X.
If the moments on the A sublattice are considered to be resolved into two sublattices, the treatment of YAFET and KITTEL(~) is applicable. Their result for the antiferromagnetic ordering I ! It will be assumed that the Lande g-factors are temperature on the 3 sublattice, rca, reduces to equal, i.e. gs+ = gs-= g_& so CBL = cB-= c,.$. equation (2) above, The condition that a nontrivial solution of equaFor the ferrites measured, x = 0.05, so the ratio 
Quenched samples
The magnetic moments of the quenched samples at 0°K are, ideally, the moments of 0.667, 0.660 and 0.684 ferric ions per formula for zinc, mixed lithium-zinc and mixed copper-zinc ferrites, respectively. Since the dependence of the magnetic moment upon temperature is not known as a function of X, it is not possible to correlate the moments with the heat-capacity curve at present.
